Abstract Nonpoint source pollution generated by agricultural production and city construction has been studied for decades, but very few researches have been conducted on the regional assessment of nonpoint source pollution in the acid rain regions, particularly relating to the control of pollutant in the drinking water source areas. In this study, an integrated framework was applied to estimate nitrogen and phosphorous load in a typical acid rain influenced reservoir, China. The method comprised three separate steps: (1) a watershed model-soil and water assessment tools-was used to estimate nitrogen and phosphorous load from the upper stream watershed; (2) collection of acid rain samples, together with a GIS-based calculation to estimate the atmospheric deposition flux; (3) introduction of a simple export coefficient method. The case study indicated atmospheric deposition accounted for 56.75 % of total nitrogen load during the year, with the highest level of deposition load taking place during the wet season. Maximum phosphorous (93.37 %) was linked to the upstream runoff, originating from the upper watershed. Further analysis by watershed model and export coefficient method indicated forest exported most total nitrogen (27.72 %) and total phosphorous (58.78 %) in the upstream watershed. Results indicated that in the region influenced by acid rain, the nitrogen management should encompass the management of land use practices and the control of acid rain in catchments feeding into drinking water storage areas. It could be inferred that NOX emissions might cause both globe warming and eutrophication in the drinking water sources. This paper could provide a basis for water quality management in such regions.
Introduction
The growing level of pollution and economic growth in the past decades have imposed increasing threat to the drinking water sources worldwide (USEPA 2002 (USEPA , 2006 World Bank 2009; Jiang et al. 2011) , which necessitates a rapid conversion of watershed modeling into sound management practices (Kho et al. 2009; Meng 2009 ). The science-based protection of drinking water focuses on identifying various sources of pollution (Canale and Effler 1989; Trauth and Xanthopoulos 1997; Edwards and Withers 2008; Karbassi et al. 2011) . Nowadays, nonpoint source (NPS) pollution has been already identified as the most significant anthropogenic sources of drinking water pollution (Igbinosa and Okoh 2009; Markus et al. 2010) .
In general, NPS pollution could be categorized into municipal wastewater, storm water runoff, agricultural drainage, and atmospheric deposition (Todd et al. 1989) . Recent studies have focused on the fate and transport of NPS pollution from upstream watershed into the receiving water (Hallberg and Keeney 1993; Livingston and Cory 1998; Ghaffari et al. 2010; Tu and Xia 2008) . It has been indicated that a high correlation between agricultural activities and NPS exists, especially in the areas of poverty where people depend heavily on agriculture (Markus et al. 2010) . This type of NPS pollution often represents as a mount of nitrogen (N) and phosphorous (P) pollution leaching into drinking water reservoirs, particularly from fertilizers and various carcinogenic substances found in pesticides (Jury and Nielsen 1989; Ling and El-Kadi 1998) . In the regions with sandy soils, the extensive use of fertilizers is now considered as the main source of NPS pollution (Hubbard and Sheridan 1994; Paul and Zebarth 1997; Harter et al. 2002) . The movement of NPS-N and NPS-P from rural areas and animal wastes can be of serious concern in high density of dairy farm areas (Carey 2002) . It is also found that elevated nitrate concentration in groundwater is widespread found around dairy, barnyard, and feedlots.
Acid rain has recently attracted a lot of attention due to the dramatic increase with the use of fertilizers and fossil fuels (Huang et al. 2010) . The mixture of wet and dry deposition from the acid atmosphere would result in a high pollution level in the receiving area. The Integrated Atmospheric Deposition Network (IADN) is developed in USA to monitor atmospheric N and P deposition. In Europe and North America, it is reported that inorganic N deposition is in the ranges of 1-75 and 3-32 kg/(ha year), respectively (Holland et al. 1999; Nadelhoffer 2001) . The acid deposition is also found as a major environmental problem in China. In the Guanzhong Plain of Shanxi province, a region of intensive agriculture in North China, the averaged N deposition is 16.3 kg/(ha year) comprising 80 % NH4-N (Li and Li 1999) . In the Jiulong watershed, East China, the N deposition is estimated to be 2.20 ± 1.69 mg/l (Chen et al. 2008) .
Sichuan province in Southwest China is another major region of acid deposition, where N deposition is even higher than that of East China. It is thus, theoretically clear that the NPS-N input in the regions controlled by acid rain is also likely to originate from atmospheric deposition, as well as agricultural activity and rural pollution. However, there are few systemic studies on the diverse sources of NPS and the impact of NPS on drinking water resources has not been clearly demonstrated in such regions.
An accompanying concern focuses on developing the techniques needed to quantify the diverse sources of NPS pollution. Although many studies have focused on this issue, regional assessment is still complicated by the fact that the sources of NPS-N and NPS-P input are spatially distributed throughout watersheds (Ernst and Owens 2009) . In fact, atmospheric deposition is often estimated by means of rain sampling (Holland et al. 1999; Nadelhoffer 2001; Chen et al. 2008) . However, NPS pollution from upper watershed is not commonly measured due to a lack of knowledge of the spatial heterogeneity of watersheds as well as the high costs associated with such monitoring (Abbott et al. 1986; Nandakumar and Mein 1997) . Watershed models are designed and utilized to estimate the spatially and temporally distribution of NPS-N and NPS-P (Singh and Frevert 2002; Bowes et al. 2005 ). These models include Soil and Water Assessment Tool (SWAT) (Arnold et al. 1993; Gassman et al. 2007) , Simulator for Water Resources in Rural Basins (SWRRB) (Esen and Uslu 2008; Williams et al. 1985) , Areal Nonpoint Source Watershed Environment Response Simulation (ANSWERS) (Beasley et al. 1980; Singh et al. 2006) , Hydrologic Simulation Program-Fortran (HSPF) (Bicknell et al. 2001; Ribarova et al. 2008) , Agricultural NonPoint Source Pollution Model (AGNPS) (Cho et al. 2008; Young et al. 1989) and Assessment Science Integrating Point and Nonpoint Sources (BASINS) (Whittemore 1998) . However, these models are often complex and characterized by a multitude of parameters (Ding et al. 2010) , which hinders the application in watershed modeling to some extent (Singh et al. 2005) .
In contrast, there are some studies providing simple, efficient, and empirical methods to estimate NPS load. These methods are the Agricultural Pollution Potential Index (APPI) (Petersen et al. 1991) , the phosphorus Index (PI) (Birr 2001; Gburek et al. 2000; Lemunyon and Gilbert 1993) , the Phosphorus Ranking Scheme (PRS) (Magette 1993) , the flow analysis (SFA) (Chen et al. 2010) , and the Export Coefficient Model (ECM) (Omernik 1976) . These methods are often simple and have no need for spatial and complex input. Nevertheless, the behavior of NPS pollution in the soil and in runoff is complex, so these empirical methods are often inadequate in terms of detailed dynamic simulation.
The Baixi reservoir is the largest hydropower dam in Ninghai county and main drinking water supply for the city of Ningbo, Zhejiang Province, China. This facility comprises the dam, the hydropower station, the flood spillway, and a number of weirs. Nowadays, the Baixi reservoir plays an important role in local flood control, power generation, navigation, as well as supplying drinking water. In spite of protection measures have been taken since 2006, the concentration of N periodically exceeds the permitted environmental standard, particularly after heavy rain. One critical cause for public concern is reported that the Baixi reservoir locates in one of the three most serious acid rain regions in China. Therefore, it is believed that excessive atmosphere deposition would cause a wide range of problems such as eutrophication, toxic algal blooms, oxygen depletion and loss of biodiversity to drinking water supplies. Therefore, it is important to identify various sources of NPS-N and NPS-P sources to the Baixi reservoir. This paper has two objectives: (1) to identify the sources of NPS-N and NPS-P input in a typical acid rain influenced region; (2) to develop a framework to combine different methods for assessing NPS-N and NPS-P sources accurately. In this study, the sources of NPS-N and NPS-P were divided into three categories: (1) upper watershed pollution resulting from certain land use; (2) atmospheric acid deposition; (3) other internal inputs such as rural and tourism pollution. The corresponding method framework used for NPS load identification encompasses: (1) a watershed SWAT model was used to estimate NPS-N and NPS-P in the 254-km 2 upstream watershed area; (2) atmospheric deposition was calculated based on acid rain sampling and a GIS-related method; (3) a simple ECM was also introduced to determine pollution level in rural areas and pollution due to tourism. The description of study area and related method could be found in the next section.
Materials and methods

Site description
In this study, Baixi watershed was selected to demonstrate the NPS sources and to develop the corresponding modeling framework. This reservoir is a major hydraulic facility in the eastern region of Zhejiang Province, China (Fig. 1) . The upstream watershed encompassed the upper catchments of three rivers-Dasong River, Hunshui River and Qingshui River-draining an area of 254 km 2 . A humid northern-subtropical-monsoon climate covered this area, with the following characteristic features: distinct seasons with adequate illumination and abundant precipitation; an annual mean temperature of 16.1°C (from -9.6°C to 39.7°C) and an annual mean precipitation of 1,091.2 mm. The reservoir is located in a mountainous area with vegetation comprising agricultural crops, secondary forest and product forest. The land-uses in the watershed included 7 % cropland, 91 % forest, and 2 % barren land. In addition, zonal yellow soil (33 %) and skeleton soil (35 %) were dominant in the watershed followed by 12 % red soil, 19 % yellow-red soil, and 0.2 % paddy soil.
Construction of the Baixi reservoir started in 1997. From 2002 onwards, the reservoir had functioned as a facility for the storage and supply of drinking water to millions of people in Ningbo City. According to the site investigation of 2009 and 2010, there were no industries and few large villages in the Baixi watershed. Daily gauged data of stream flow were collected from the Ningbo hydrology station and monthly measured data of water quality were obtained from Ninghai county station. These data, which represented the values of these parameters in upstream outlets of the reservoir, were used to calibrate and validate the SWAT model.
SWAT model
The watershed SWAT model is a physically based, continuously distributed model operated on a daily time step, which has been applied in many countries, including Finland (Francos et al. 2003) , Germany (Weber et al. 2001) , U.S. (Santhi et al. 2006) , India (Behera and Panda 2006) , France (Plus et al. 2006) , and China (Yang et al. 2007 ). These studies indicated that SWAT performed well in NPS simulation. In this study, SWAT was used for upstream watershed modeling. Detailed information pertaining to the model is shown in Table 1 .
Many studies have indicated that monthly based SWAT simulation generally provides better results than daily based simulation (Shen et al. 2008) . Monthly based data were, therefore, adopted for calibration and validation. Calibration of stream flow was undertaken from January 2005 to December 2006, and validation from January 2007 to December 2008. As only a few monthly water quality data were available for the study region, so only parameters related to ammonia (NH3) and TP modeling were calibrated and validated. The Nash-Sutcliffe efficiency coefficient (E NS ) was set to assess the degree of fit between observed data and SWAT outputs (Nash and Sutcliffe 1970) .
where, Q mea;i is the observed data, Q sim;i is the simulated data, Q mea is the mean value of the observed data, and n is the simulation time.
The atmospheric deposition method Atmospheric deposition flux originates from two sources:
(1) a component that falls directly on the surface of the Baixi reservoir, (2) an upstream catchment component that enters the reservoir indirectly via runoff. In this study, indirect flux was considered in a SWAT simulation by changing the initial concentration of N and P in the code of SWAT model. Atmospheric deposition in this context only related to the component that fell directly falling onto the surface of the Baixi reservoir. In this study, a three-step procedure was encompassed as described below.
1. Atmospheric flux was estimated by means of periodic rain sampling. Rain sample data from 2005 to 2006 was collected from local environmental protection bureau (Table 2 ) and a further sampling was conducted in the median rainfall season (April, 2010), the wet season (July and August, 2010) after major rainfall events in the Baixi watershed. The sampling spots were chosen adjacent to the reservoir. The rain samples were analyzed using state standard analytical methods, using the alkaline potassium per sulfate oxidation-UV spectra photo metric method and the ammonium-molybdate spectrophotometric method for assessing concentrations of TN and TP, respectively. 2. Daily rainfall data from 2005 to 2010 was collected at eight rainfall gauges in the watershed and was interpolated to generate a rainfall data layer for the reservoir surface. The Thiessen Polygon method (Chaubey et al. 1999 ) was used for the spatial interpolation of rainfall data by means of Geographic Information System (Arcview Version 3.2a). This method is based on the weightings, calculated by means of ratios of the areas of catchment controlled by each rainfall gauging station as illustrated in Fig. 2 . The spatial interpolation of rainfall data was determined using the Thiessen Polygon method of ArcGIS spatial analysis tool, as described in the equation below:
where, P i represents rainfall data at Station I, and F i is the Thiessen polygon area associated with Station I. 3. Atmospheric deposition was computed by multiplying total precipitation and the pollutant concentration in the rain samples. Total precipitation was estimated using the variable surface area of the reservoir and the precipitation depth data determined by spatial interpolation. Dry deposition was not considered directly, because of the high rainfall characteristics of the climate and the limited equipment. Nevertheless, according to Chen et al. (2008) , dry deposition comprised 34 % of total N deposition in a neighborhood watershed, which was also reported to locate in the same acid rain region. Total N flux from atmospheric deposition was, thus, determined by multiplying 1.5 and the wet deposition flux.
The ECM method
In the Baixi watershed, the inherent sources from the upper watershed could not be commonly modeled due to a lack of knowledge of the spatial heterogeneity of small villages and tourist spots as well as the high costs associated with such investigation. Instead of SWAT simulation, it necessitated a combination of ECM to assess the sources of NPS-N and NPS-P pollution. The proportion of NPS pollution from upstream rural and tourism areas was calculated by means of the ECM, which is based on the assumption that the N and P loads exported from a watershed equal the sum of the losses from individual sources (from land use, livestock, rural populations and atmospheric deposition). The model allowed an whole estimation and analysis of nutrient pollutants (Johnes 1996) . The ECM is determined as follows:
where L = loss of nutrients (kg), E i = export coefficient for nutrient source i (kg/ca year or kg/km 2 year), A i = catchment area associated with a particular land use type i (km 2 ), or number of livestock type i, or of the human population, where I i is the input of nutrients from source i (kg), and p is the input of nutrients from precipitation (kg).
Based on the site investigation of 2010, there were 29 villages and 7 tourism spots in the Baixi watershed (Fig. 3) . Detailed information of pollutants produced by rural human population and from animals was summarized in Table 3 . Calculations of rural nutrient input as well as that due to tourism were based on the rural population, poultry, and tourism data collected from local government. As seen in Fig. 3 , the villages in Baixi watershed are mainly located in upstream areas, while the tourism spots are concentrated around the Dasong River. In the Baixi watershed, composted toilets were built near farmhouses and resultant manure was collected and carried to a compositing mill outside the watershed. However, there was no integrated drainage and water treatment system in the Baixi watershed, and wastewater from rural villages and cow barns were flushed directly into the river by overland runoff. Based on a local administration investigation in 2010, the development of accommodation and restaurants was not permitted in the Baixi drinking water reservoir area, and garbage and feces packed and disposed of beyond the Baixi watershed, as described above. Hence, the pollution due to tourism was mainly caused by wastewater produced by the participants in the present study. Thus, Fig. 2 Location of rain stations rural and tourism-related pollution was calculated by means of ECM.
Results and discussion
Land-use load estimation
Calibration and validation
As shown in Fig. 4 (for runoff) the ENS during the calibration period and validation periods was 0.79 and 0.84, respectively, and 0.66 and 0.54 for NH3 and TP, respectively. Compared to other SWAT applications (Gassman et al. 2007) , the value of the ENS was, thus, concluded that the SWAT model was capable of modeling NPS pollution in the Baixi Watershed.
Temporal distribution
As shown in Fig. 5, TN (2006 [ 2005 [ 2007 [ 2008 [ 2009) was noted for TP indicated by levels of 6.12 t in 2005, which declined to 2.18 t in 2009. This could be due to the development of local forest planting and to stringent rural pollution management in the Baixi watershed from 2006 onwards.
Monthly TN and TP, summarized in Fig. 5 , indicate several peak values for both TN and TP, which suggest that there may be no clear relationship between rainfall and upstream NPS input. Previous studies were based on the assumption that NPS pollution was dominated by precipitation (Hallberg and Keeney 1993; Shen et al. 2008; Ghaffari et al. 2010) . Results in this paper, however, challenge this assumption. In Baixi watershed, the peak TN and TP input from upstream occurred in March and April, when rainfall was not intense. This can be explained by high levels of agricultural and forest activities in the Baixi watershed during these 2 months: damage to the upper soil due to plowing, a high application of organic fertilizers, activities that result in soil erosion and NPS export, respectively. During the wet season (July, August and September), the accumulated flow volume amounted to 30.77 % of annual flow. During high rainfall season, the concentrations of TN and TP were 14.53 and 29.99 %, respectively. During the flood season, heavy flushing also resulted in an increase in TN and TP load from upstream areas as the flow increased. The second growing season for rice during August also resulted in higher leaching of organic N and P after fertilizer application. The levels of both N and P decreased during September, due to less rainfall and anthropogenic activities, but began to increase from October onwards due to the degradation of crop residues and leaf fall in the forest areas. These results are similar to those found in Shen et al. (2010) , demonstrating that upstream NPS pollution was due to a combination of seasonal precipitation and human activities.
Spatial distribution
As shown in Fig. 6 , rainfall was not uniformly distributed in the Baixi watershed, with the highest rainfall in the east, followed by the west region, and the least rainfall in the central area. The averaged rainfall was 1722 mm. The distribution pattern of runoff was, however, different from that of rainfall because runoff was related to precipitation as well as surface conditions such as slope and soil-water capacity. The averaged runoff was 220 mm, varying from 59 to 410 mm over the Baixi watershed. TN and TP, were both affected and dominated by the runoff processes. Areas with higher TN load were mainly in farmlands, mountain bush land and low-coverage shrub areas, associated with skeleton soil and yellow soil. The spatial distribution of TP and runoff was similar, mainly because most P existed as organic P, attached to sediment (Daniel et al. 1998; Shen et al. 2008) , and thus, had a positive relationship with soil erosion. Further studies were conducted by delimiting and summing N and P load from Hydrological Response Units (HRU), from which various land uses as well as soil types were analyzed. Results indicated in Table 4 showed that forest land accounted for 91.41 % of organic N, 88.80 % of nitrate N, and 88.56 % of organic P in the Baixi watershed and cropland exports accounted for 6.67 % of organic N, 9.94 % of nitrate N, and 11.38 % of organic P; while the bare land accounted for 1.92 % of organic N, 1.26 % of nitrate N, and 0.06 % organic P. In some aspects, these results from this study were consistent with those of Chang et al. (2008) and Shen et al. (2010) , since forest runoff was shown to contribute a major fraction of NPS pollution. In other respects, however, as described in the studies of Grace (2005) and Stuart and Edwards (2006) , forest appeared to export lower sediment yield and had no apparent impact on the receiving water body. This discrepancy could be explained by the studies of Grace (2005) as well as Stuart and Edwards (2006) who focused on undisturbed forest regions. It should, however, be noted that the watersheds described by Chang et al. (2008) and Shen et al. (2010) located in the Tsengwen Reservoir, Taiwan, and the Three Gorges region area, China, in which anthropogenic disturbances, such as cutting and harvesting, occurred. The poor capacity of the forests for water conservation of these areas may have been due to soil compaction and poor ground cover under the trees. In the Baixi watershed, the forestland was constituted of secondary forest and product forest, with low levels of plant residue (Lesschen et al. 2007 ). In addition, the slope of forestland in the Baixi watershed was higher compared to that in the other two land-use areas, resulting in more rapid runoff.
Skeleton soil and yellow soil accounted for 68.41 % of the total basin, and the percentage of total pollution load that originated from these soils was 70.13 % of organic N, 31.52 % of nitrate N, and 31.39 % of organic P (Table 5 ). The relative abundance of organic N exported from different soil types was as follows: skeleton soil [ yellow soil [ red-yellow soil [ red soil [ paddy soil; while that for nitrate N and organic P was as follows: yellow soil [ skeleton soil [ red-yellow soil [ red soil [ paddy soil; and that for organic nitrogen was: skeleton soil [ yellow soil [ red-yellow soil [ red soil [ paddy soil. These results may be explained in terms of the manner in which N and P area applied when planting crops, i.e., mainly in the upper 10 cm of soil (Akhavan et al. 2005) . This result in these nutrients either remaining in the soils or being exported to surface waters by erosion or leaching . 
Atmospheric deposition load estimation
Rain samples were collected and analyzed during the median rainfall season and the wet season. As could be seen in Table 2 , the pH values measured on these collection dates were from 4.06 to 5.50, showing obvious characteristics of acid rain (the acid rain was defined as precipitation in which the pH was less than 5.6). Based on the rain samples from 2005 to 2010, the concentration of TN varied from 0.43 to 2.8 mg/l, with an averaged value of 1.06 mg/l. As there was no obvious difference between median rainfall season and the wet season, so this study regarded 1.06 mg/l and 0.012 mg/l as the background concentration of TN and TP to represent the acid rain. It was reported that TN concentration from the Jiulong watershed was in the range of 2.2 ± 1.69 mg/l (Chen et al. 2008) . Acid rain sampling of TN in the present study was, however, judged to be lower due to a lower proportion of agriculture land and the less use of fertilizers in the Baixi watershed.
Then TN and TP load due to atmospheric deposition were calculated from the precipitation data from 2005 to 2009. As shown in Fig. 6 , TN and TP from atmospheric deposition had similar trends: highest levels in 2007 There was an obvious relationship between atmospheric deposition flux and precipitation amount. The levels of NPS-N and NPS-P in the drinking water reservoir were, however, different to those of the upstream (Fig. 5) . The contribution of atmospheric N input (36.52 % in 2005, 64.01 % in 2006, 47.91 % in 2007 and 79.30 % in 2008) , with an annual averaged contribution of 50.64 % was higher than that of P (2.12 % in 2005, 7.94 % in 2006, 2.38 % in 2007, and 17.16 % in 2008 , with an average of 3.58 %). This result supported the view that NPS-N was linked to atmospheric acid deposition, while the upstream watershed was the main source of NPS-P (Gunes 2008) . However, as described in Chen et al. (2008) , atmospheric N deposition accounted for only 30 % of total N input into the receiving water body. This discrepancy could be due to the watershed studied by Chen et al. (2008) located in the Anhui province, where agricultural land is the most significant anthropogenic source of NPS pollution. It can be further explained that although cropland has a higher NPS-N concentration per area (7.91 kg/ha for Nitrate N) compared to the forest lands (6.39 kg/ha for Nitrate N), forested areas make up 91 % of the land-use area (Table 4) , resulting in a lower upstream N input than that of Chen et al. (2008) . According to EPA (1999) , the N concentration of the rainfall (both normal rain and acid rain) in USA was 0.9 mg/l, whereas the P concentration was 0.015 mg/l. Thus, it can be inferred that atmospheric N deposition might be the main NPS-N source in the acid rain-control region, while acid rain had little effect on the NPS-P amount.
In this study, monthly N and P were further analyzed (Fig. 7) . The main source of NPS-N and NPS-P was linked to the rainy period. The peak values of TN and TP both occurred in June (30.70 t for TN and 0.08 t for TP) and July (31.18 t for TN and 0.09 t for TP), when rainfall was frequent and intense. Atmospheric deposition load was high in May (16.18 t TN; 0.04 t TP), August (17.69 t TN; 0.05 t TP) and September (18.94 t TN; 0.05 t TP), while December contributed the least load (0.22 t TN and 0.01 t TP). Compared to upstream regions (Fig. 5) , however, atmospheric deposition was the main source of NPS-N from June to September (mainly in rainy months, 87.16 % in September), while upper watershed had higher contributions in February (74.57 %) and December (91.25 %). In other months, there was very little difference of the contributions between atmospheric deposition and upstream flow. Previous studies were traditionally based on the assumption that NPS input was mainly from overland flow, which also accounted for impaired drinking water (Livingst and Cory 1998; Ghaffari et al. 2010) . This research, however, challenged this assumption, noting that atmospheric N deposition via acid rain might be the main source of pollution in the acid rain-control region, particularly during the rainy season. As a comparison, upstream watershed was the main source of NPS-P for most of the year, except during February and September. This study therefore suggests that NPS-N and NPS-P pollution may originate from diverse sources; thus, the distinct identification and management of NPS-N and NPS-P should be taken in such areas.
Rural and tourism load estimation
To further identify the origins of upstream pollution, NPS-N and NPS-P from rural and tourism were estimated based on the investigation of rural human population, and poultry data in 2009 and 2010. Based on the ECM theory, 0.7 was chosen as the coefficient for sanitary sewage, while that organic waste and excrement was estimated to be 0.35 for TN and 0.05 for TP. The coefficient for tourism pollution was chosen as 0.9. All these coefficients were the most frequently used in watershed modeling in the Baixi Fig. 7 Temporal distribution of atmospheric deposition flux watershed. As shown in Tables 6 and 7, the amount from annual rural pollution was 71.74 t for TN and 11.17 t for TP, while tourism made up 0.042 t for TN and 0.016 t for TP. Our results supported previous findings that rural and livestock pollution might be an important source of TP in runoff (Sharpley et al. 2003; Bilotta et al. 2008 ).
Comparison of NPS sources
As described in Fig. 8 , atmospheric deposition was the major source of NPS-N, accounting for almost more than a half of the annual TN into the drinking water reservoir (56.74 %). In upstream flow, the contribution from forested and rural areas was 27.72 and 12.05 %, respectively. Other sources such as tourism (0.39 %), paddy fields (2.46 %) and bare land (0.62 %), contributed less to the total amount of NPS-N. With respect to NPS-P pollution, the forested area was identified as the most significant source (i.e., 58.78 %); with the contribution from rural pollution being 25.08 %, followed by atmospheric deposition (6.27 %), paddy field (7.32 %), tourism (2.09 %) and bare land (0.67 %). Based on this evaluation, it was concluded that in acid rain-control areas, NPS-N and NPS-P in drinking water reservoirs often derived from extensive sources such as land-use, rural populations, the livestock industry and atmospheric deposition. The main cause of eutrophication due to NPS-N could be due to the increased input of atmospheric acid deposition. Upstream NPS-N typically increased substantially after harvesting and fertilization, while maximum P could be linked to overland runoff from forest fields and other anthropogenic sources such as rural and livestock pollution. The control of NPS-P should center on land-use and rural management, while NPS-N management should be based on a combination of land practices management and the control of the pollutants release into the atmosphere. It can be further inferred that due to global N cycling and greenhouse gas NOX emissions, the NPS-N from atmospheric acid deposition and upper watershed might cause a wide range of problems to drinking water resources such as eutrophication, oxygen depletion, and loss of biodiversity (Holland et al. 1999; Nadelhoffer 2001) . Thus, the measurement and regulation of NPS-N in acid rain-control regions present a significant challenge.
The sources of NPS pollution appeared to show the temporal variability in terms of monthly NPS-N and NPS-P (Fig. 9) . Atmosphere deposition was judged the main source of NPS-N during the high rainfall season, mainly from June to August. During February, March and October, the contribution of NPS-N from forestlands was higher than that from atmosphere deposition. The levels of NPS-N pollution from these two different sources were similar during other months, while rural and livestock pollution was other important source of NPS-N in November and December. To achieve effective management and control of NPS-N, it is thus important to focus attention on the period of heavy acid precipitation in the drinking water region, and particularly during periods of heavy precipitation. Forested areas were the main source of NPS-P throughout the year in the Baixi watershed, so management was required to focus on these areas from the upper watershed.
It can be further inferred that the regional assessment of NPS-N in such an acid rain-control region might be more complicated than would be the case for NPS-P, which was spatially and temporally distributed throughout the upper watershed. Thus, the corresponding framework for NPS-N identification should combine the knowledge and techniques to accurately identify the diverse sources of NPS-N. In this paper, it was found that the most reliable results could be obtained by combining a amount of methods and techniques, making use of a watershed model, a simple ECM, rain sampling and a GIS-based tool to assess NPS-N load, both spatially and temporally. This combination framework could be helpful in providing detailed and dynamic information for water quality management in similar regions.
Conclusion
In this study, an integrated simulation-monitoring framework was applied to estimate the spatial and temporal distribution of NPS-N and NPS-P in a typical acid raincontrol drinking water reservoir that supplied the city of Ningbo, Zhejiang Province, China. Based on this study, atmospheric deposition accounted for the highest proportion of NPS-N load through acid rainfall. Maximum NPS-P was linked to overland flow, originating from land-use practices in the upstream watershed. It was inferred that atmospheric deposition could be a progressive threat to aquatic health in the similar acid rain-influenced regions and NPS-N management should be based on a combination of land-use management and the control of pollutant release to the atmosphere in acid rain-control drinking water areas. The results and corresponding methods could provide a helpful foundation for taking a sound action to improve water quality management in such regions.
